WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioaal Patent Classification 6 : 

C08F 2/16, 2/22, 291/00, 291/04, 2/32, 
214/18, 220/22 



Al 



(11) International Publication Number: WO 95/34583 

(43) International Publication Date: 21 December 1995 (21.12.95) 



(21) International Application Number: PCT/US94/ 10075 

(22) International Filing Date: 9 September 1994 (09.09.94) 



(30) Priority Data: 

08/258,017 



10 June 1994(10.06.94) 



US 



(71) Applicant: W.L. GORE & ASSOCIATES, INC. [US/US]; 551 
Paper Mill Road, P.O. Box 9206, Newark, DE 19714 (US). 

(72) Inventor: WU, Huey, Shen; 25 Harris Circle, Newark, DE 
19711 (US). 

(74) Agents: SAMUELS, Gary, A. et al.; W.L. Gore & Associates, 
Inc., 551 Paper Mill Road, P.O. Box 9206, Newark, DE 
19714 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, LU, 
LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, 
SE, SK, UA, UZ, VN, European patent (AT, BE, CH, DE, 
DK, ES. PR. GB. GR. IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 



(54) Title: SEEDED MICROEMULSIOIN POLYMERIZATION FOR THE PRODUCTION OF SMALL POLYMER PARTICLES 
(57) Abstract 

In this invention an aqueous seeded microemulsion polymerization procedure is provided in which colloidal polymer particles are 
produced from tetrafluoroethylene or tetrafluoroethylene/comonomer or other polymerizable monomers. The particles have an average 
diameter between 1 to 100 nanometer (.00K1 micrometer) preferably 1 to 80 (.001-.08 micrometer), more preferably 5 to 100 rtanorneter 
(.005-. 1 micrometer). A microemulsion is formed of a liquid monomer in water and a gaseous monomer is added either before or after 
polymerization is initiated. 
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TITLE OF THE INVENTION 



SEEDED MICROEMULSION POLYMERIZATION FOR THE PRODUCTION 
OF SMALL POLYMER PARTICLES 

FIELD OF THE INVENTION 



The invention /elates to a seeded microemulsion polymerization process 
to produce polymers such as polytetrafluoroethylene and its copolymers of 
10 small particle size. 



BACKGROUND OF THE INVENTION 



Microemulsions are known in the art They are stable isotropic mixtures 

15 of oil, water, and surfactant which form spontaneously upon contact of the 
ingredients. Other components, such as salt or co-surfactant (an alcohol, 
amine, or other amphophilic molecule) may also be part of the microemulsion 
formulation. The oil and water reside in distinct domains separated by an 
interfacial layer rich in surfactant. Because the domains of oil or water are 

20 small, microemulsions appear visually transparent or translucent 4Jnlike 
emulsions, microemulsions are equilibrium phases. 

Microemulsions can have a variety of microstructures, depending mainly 
upon composition and temperature. The common structural feature is the 
presence of a surfactant-rich sheet or film separating oil-rich and water-rich 

25 domains. There are three most common structures. One is the so-called 

water-in-oil microemulsions, in which water is contained inside distinct domains 
(droplets) in a continuous oil-rich domain. A second is oil-in-water 
microemulsions in which oil is contained inside distinct domains in a 
continuous water-rich domain. The third Is bicontinuous microemulsions in 

30 which there are sample-spanning intertwined paths of both oil and water, 

separated from each other by the surfactant-rich film (a sponge-like structure). 

A microemulsion can be distinguished from a conventional emulsion by 
its optical clarity, low viscosity, small domain size, thermodynamic stability, and 
spontaneous formation. Microemulsion polymerization has several 

35 advantages over traditional emulsion polymerization. First, emulsions are 
turbid and opaque, while microemulsions are usually transparent or 
translucent and so are particularly suitable for photochemical reactions. 
Second, microemulsion polymerization enables preparation of stable, 
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monodispersed colloidal dispersions containing particles that are smaller than 
particles produced with classical emulsion polymerization processes. Finally, 
the structural diversity of microemulsions (droplet and bicontinuous) is set by 
thermodynamics, and rapid polymerization may be able to capture some of the 
5 original structure. 

Coating substrates with fluorinated polymers is known in the art. In order 
to produce a thin uniform coating, such processes normally require expensive 
and/or environmental-hazardous fluorinated solvents, such as CFCs. 
Moreover, water-based emulsion polymerization of fluorinated monomers 

10 usually yields particles with size in the range of 0.1 - 10 micrometer, which 
sometimes makes it difficult to give uniform coatings on porous substrates 
having submicron pore structures. In addition, such large particle sizes result 
in coatings that can clog the pores of submicron pore structures, which is 
undesirable in many applications. 

15 Fluoropolymers containing tetrafluoroethylene generally have superior 

thermal stability to other polymers. It would be desirable to provide new 
microemulsions polymerization technique involving tetrafluoroethylene to 
produce polymers of very small particle sizes. It would also be desirable to 
provide coated substrates In which the coatings are made from the small 

20 polymer particles. : : 

SUMMARY OF THE INVENTION 

In this invention an aqueous seeded microemulsion polymerization 
25 procedure is provided in which colloidal polymer particles are produced from 
tetrafluoroethylene or tetrafluoroethylene/comonomer or other polymerizable 
monomers. The particles have an average diameter between 1 to 100 
nanometer (.001 - .1 micrometer) preferably 1 to 80 (.001 - .08 micrometer), 
more preferably 5 to 50 nanometer (.001 - .05 micrometer). 
30 The aqueous seeded microemulsion polymerization procedure involves 

the following steps: 

(1) a microemulsion of polymerizable unsaturated liquid monomer(s) in 
water is formed as the seed; 

(2) the seeded monomelic microemulsion is free radical polymerized by 
35 charging free radical initiator to start the polymerization reaction; and 

(3) tetrafluoroethylene or tetrafluoroethylene/comonomer or other gaseous 
monomers) is introduced to the microemulsion system from gas phase either 
before or after the microemulsion polymerization of step 2 starts. 
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The tetrafluoroethylene and other gaseous monomers participate in the 
polymerization and produce small particles of polymers. 

The polymerizable liquid monomers used in step (1) can be any 
unsaturated, free-radical polymerizable liquid organic monomer, preferably a 
5 fluohnated one. It forms an oil-in-water microemulsion at the polymerization 
temperature, which can be between 0 and 150°C, preferably 40 and 100°C. 
The microemulsion of the polymerizable liquid monomers has an average 
particle size in the range of 1 to 100 nanometer (.001 to .1 micrometer), 
preferably 1 to 80 nanometers (.001 to .08 micrometer), and most preferably 
10 1 -50 nanometers. 

In step (2), when the gaseous monomer(s) are introduced to the reactor 
into the aqueous phase before the microemulsion polymerization starts, the 
final particles generally contain random copolymers. On the other hand, when 
the gaseous monomer(s) are introduced after liquid monomers from step (1) 
15 are polymerized, the gaseous monomer(s) transferred from gas phase into 
aqueous phase can be polymerized and precipitated on the outer surface of 
the seeded polymeric particles and yields a core/shell particle structure. The 
core/shell particles can have a polymer core of 0.1 to 99% by weight, and a v 
polymer shell, 1 to 99.9% by weight, containing the monomer units from gas 
20 phase, preferably containing tetrafluoroethylene units. v- 
In one aspect, the process comprises: 

a) combining in a pressure reaction vessel a liquid organic ethylenically 
unsaturated polymerizable monomer with a surfactant in water, at a 
temperature and ratio of monomer to surfactant sufficient to spontaneously 

25 form a microemulsion, 

b) charging a gaseous fluorinated organic ethylenically unsaturated 
monomer to the reactor, and 

c) initiating reaction of monomers by addition of a free-radical initiator to the 
reactor. 

30 In one variant step c) is carried out before step b); and in another 

variant, step b) is carried out before step c). 

DETAILED DESCRIPTION OF THE INVENTION 

35 The preparation of the polymeric particles of the invention depends on 

careful selection of the ingredients of the seeded monomeric microemulsions. 
The seeded monomeric microemulsions of the invention are prepared by 
mixing water, unsaturated liquid organic monomers, surfactants, and optionally 
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cosolvents or inorganic salts. In order for the microemulsion to form with 
monomer in it, the monomer must be in liquid form. When the ingredients and 
amounts are selected for certain operating temperatures, the microemulsion 
forms spontaneously. The surfactant can be any organic surfactant, but 
5 preferable is a fluorinated anionic surfactant, e.g., a salt of fluorinated 

carboxylic acids, fluorinated sulfuric acids, fluorinated sulfates, fluorinated 
ammonium salts, fluorinated nomonic surfactants and the like. The ratio of 
surfactants to other monomers present will usually be .5 to 6 or more (by 
weight). 

10 The liquid organic monomers can be any unsaturated monomer 

polymerizable by free-radical initiation. For example, these monomers can be 
selected from the classes of acrylates, methacrylates, styrene, acrylonitriles, 
vinyls, allyls or alkenes and the like. Preferably, the monomers will be 
fluorinated, but for purposes of this invention the seed monomer will not be 

15 tetrafluoroethylene. Representative monomers include: 

acrylates : alkyl acrylates, fluoroalkyl acrylates, chloroalky acrylates, bromoalkyl 
acrylates, and the like, of less than 25 carbons, 

methacrylates : alkyl methacrylates, fluoroalkyl methacrylates, chloroalkyl 
methacrylates, bromoalkyl methacrylates, and the like, of less than 25 
20 carbons, 

stvrenes : styrene, methylstyrene, fluorostyrene, chlorostyrene, bromostyrene, 
and the like, 

acrylonitriles : acrylonitrile, methacrylonitrile, and the like, 

vinyls : vinyl acetate, vinylidene chloride, alkyl vinyl ether, fluoroalkyl vinyl 

25 ether, and the like, 

allvl compounds : allyl acetate, allyl chloride, allyl bromide, and the like, 
alkenes : hydrocarbons, fluorocarbons, chlorocarbons, or bromocarbons with 
carbon atom content number per molecule at least 4, and less than 20 
carbons, such as hexene, heptene, octene, decene, fluorohexene, 

30 fluoroheptene, fluorooctene, fluorodecene, and the like. 

Preferably, the liquid monomer will be a fluoroacrylate or methacrylate. 
The amounts of ingredients employed are 0.1-40 weight percent, 
preferably 0.1-20, of the monomers; 0.1-40 weigh percent, preferably 0.1-25, 
of the surfactant; with the remainder water. 

35 To initiate polymerization of the seeded microemulslons described 

above, the temperature of the monomelic microemulsion is adjusted to 
between 0 and 150°C, preferably 40 to 100°C. Initiators can be water soluble 
or oil soluble free-radical initiators, such as persulfates, azo initiators, 
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peroxides, or photo initiators which can generate free radicals by ultraviolet or 
gamma ray activation. Initiation may also be used. Amount of initiators 
present can range from 0.01 to 20 percent by weight based on the liquid 
monomer content. Cosolvents such as an alcohol, amines or other 
5 amphiphilic molecules, or salt can be employed If desired to facilitate formation 
of the microemulsion. Introduction of initiators cause the polymerization of 
monomers to begin. 

The gaseous monomer can be introduced either before the initiator is 
added, or after. If before, the liquid monomer polymerizes and the gaseous 
10 monomer and the resulting polymer products include a number of types of 

particles. For example, the particles can include a homopolymer of the liquid 
monomer, or a homopolymer of the gaseous monomer, or a random 
copolymer of units of both, depending upon the relative polymerization rates of 
each monomer. 

15 If, on the other hand, the gaseous monomer is introduced after 

polymerization of the liquid monomer begins, the polymerizable particles will 
have a core/shell morphology. The core will be comprised of homopolymer of 
the liquid monomer. If almost all the liquid monomer is polymerized before the 
gaseous monomer is added, then a shell of the gaseous homopolymer will 

20 form around the core. But if not all the liquid monomer is polymerized when 
the gaseous monomer is added, then a copolymer of the liquid and the 
gaseous monomers will form a shell around the core. 

Preferably, the gaseous monomers will be an unsaturated monomer 
polymerizable by free-radical initiation and will be an olefin, either halogen- 

25 containing or non-halogen containing. Examples include tetrafluoroethylene, 
vinyl fluoride, vinylidene fluoride, trifluoroethylene, hexafluoropropylene, 
perfluoroalkyl vinyl ether, perfluoroalkyl ethylene, chlorotrifluoroethylene, vinyl 
chloride, vinylidene chloride, ethylene, propylene, butylene, and butadiene or 
a combination of any of them. 

30 Preferably, the gaseous monomer will be fluorinated, and more 

preferable will be terafluoroethylene or a mixture containing 
tetrafluoroethylene. Of course, the gaseous monomer will not be the same as 
the liquid monomer used. 

Sufficient mixing between liquid and gaseous phases is important to 

35 encourage mass transfer. The polymerization temperature can range from 0 
to 150°C and preferably 40 to 100°C. The polymerization is carried out in a 
pressure vessel and polymerization pressures can range from 200 to 200,000 
KPa and preferably 200 to 20,000 KPa. The polymerization proceeds for 1- 
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500 minutes or until at least 50% of the liquid monomers are converted to 
polymer. The amount of gaseous monomer used can be measured by 
measuring the pressure in the reactor. 

The resulting polymer particle latex has an average particle size of 
5 between 1 to 100 nanometer, preferably 1 to 80, most preferably 1 to 50, and 
a polymer average molecular weight of over 10,000, preferably over 50,000. 
The small particle size provides a polymer system with a number of 
advantages over sy?tems containing larger particles. The system is a colloidal 
dispersion and is usually clear rather than turbid. The small particle size aids 
10 In producing coatings of uniform thickness and maintains good gas 

permeability of porous substrates. The tetrafluoroethylene or other fluorinated 
monomer units in the polymer chain aids in increasing the thermal stability, 
hydrophobic^ and oleophobicity of the substrates to which the polymer is 
applied. 

15 The polymer so produced can be applied directly from the colloidal 

dispersion by immersing the substrate material into the dispersion, or by 
painting the substrate with the dispersion, or by spraying the dispersion onto 
the substrate. Suitable substrates include fabrics, woven or nonwoven 
materials, screens, paper, or porous or microporous membranes of any form 

20 including sheets or tubes. Once the coating is applied to the substrate, any - 
water, surfactant or initiators remaining can be drawn off by any convenient 
means, such as heating, steam stripping, vacuum evaporation or the like. 

The resulting product is a coated substrate with the coating present as a 
surface layer if the substrate is non-porous. For porous substrates, which 

25 include ones made from porous polymer membranes; and especially 

microporous polymeric membranes, the coating is ordinarily present as a 
coating on the internal structure of the substrate that makes up the pores. A 
particularly preferred porous substrate is a microporous 
polytetrafluoroethylene made by stretching polytetrafluoroethylene tape or film 

30 as described in Gore USP 3,953,566. In this procedure the structure 

comprises -an interconnected network of nodes and fibrils interconnecting the 
nodes, the nodes and fibrils comprising the internal structure that defines the 
pores. 

The resulting coated articles provide gas permeable articles of enhanced 
35 hydrophobic^ and oleophobicity and filtration properties. This makes them 
useful as gas filters, vent filters and as insulation for electrical wiring. In 
addition, thin flexible porous films and membranes are useful in garment 
constructions where oil and water repellency is desired. 
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TEST PROCEDURES 

Particle Size Determination 

5 

A COULTER N4MD particle size analyzer was used. The mean 
diameter is measured using light scattering method with helium laser at 
scattering angles of 90 degree. Each aqueous dispersion sample was diluted 
about 10,000 times with deionized water before measurement. 

10 

Air Permeability: Gurtev Number Test 

Gurley numbers were obtained as follows: 
The resistance of samples to air flow was measured by a Gurley densometer 
15 (ASTM D726-58) manufactured by W. & L E. Gurley & Sons. The results are 
reported in terms of Gurley Number which is the time in seconds for 100 cubic 
centimeters of air to pass through 1 square inch of a test sample at a pressure 
drop of 4.88 inches of water. 

* 

20 Oil Repellencv Test ^ 

Oil rating was carried out by AATCC Test Method 118-1983. The higher 
the number, the better the oil repellency. The highest number is 8. 

25 Example 1 - Tetrafluoroethylene Added Before Polymerization is Initiated 

In a 2-liter reactor were added 1000 gram of deionized water, 50 gram of 
fluoroacrylate monomer (Zonyl TA-N from duPont), and 90 gram of ammonium 
perfluorooctanoate surfactant (Fluororad FC-143, 3M). The mixture was a 

30 transparent microemulsion at 50°C and was maintained at a stirring speed of 
about 1200 rpm. The reactor was then vacuumed and purged with 
tetrafluoroethylene gas three times to ensure oxygen content in the mixture to 
be below 30 ppm. Then the temperature of the mixture was raised and 
maintained to be about 75°C, and tetrafluoroethylene gas was charged to the 

35 reactor and the pressure inside the reactor was about 1500 kPa. 0.4 gram of 
ammonium persulfate initiator in 40 gram of water was pumped into the 
reactor to start the reaction. Reaction proceeded for about 42 minutes and 
was stopped. At the end of the reaction, the pressure inside the reactor was 
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about 200 KPa, which means a sufficient amount of tetraf luoroethylene used 
during the polymerization reaction., 

The colloid mixture produced from the above reaction is a clear, 
transparent dispersion. The solid polymer content is about 11.9% by weight. 
5 The average. polymer particle size is about 26 nanometer (.026 micrometer). 
Thenmogravimetric analysis results show the polymer contains about 40% by 
weight of fluoroacrylate-rich portion and 60% by weight of tetrafluoroethylene- 
rich, based on the fact that 40% by weight of the polymer decomposed in a 
temperature range of 250 to 460°C t which is a typical decomposition 
10 temperature of polyfluoroacrylate; and 60% by weight of the polymer 

decomposed in a temperature range of 460 to 640°C, which is a typical 
decomposition temperature range for polytetrafluoroethylene. Differential 
Scan Calorimetric analysis of the polymer shows three major endotherms at 
the peaks of 138, 219 and 324°C. 

15 

Example 2 - Tetrafluoroethylene/Hexafluoropropylene Added Before Reaction 
Starts 

In a 2-liter reactor were added 1000 gram of deionized water, 70 gram of 
20 fluoroacrylate (Zonyl TA-N from duPont), 130 gram of ammonium 

perfluorooctanoate (Fluororad FC-143, 3M). The mixture is a transparent 
microemulsion at 50°C and maintained at a stirring speed of about 1200 rpm. 
The rector was then vacuumed and purged with tetrafluoroethylene gas three 
times to ensure oxygen content in the mixture to be below 30 ppm. Then the 
25 temperature of the mixture was raised and maintained to be about 90°C. A 
mixture of tetrafluoroethylene and hexafluoropropylene gas was charged to 
the reactor and the pressure inside the reactor was about 1500 kPa, in which 
the mole ratio of tetrafluoroethylene to hexafluoroethylene is about 70:30. 
Then, 0.4 gram of ammonium persulfate in 40 gram of water was pumped into 
30 the reactor to start the reaction. Reaction proceeded for about 234 minutes 
and was stopped. At the end of the reaction, the pressure of the reactor was 
about 600 kPa. 

The colloid mixture produced from the above reaction is a clear, 
transparent dispersion. The solid polymer content is about 8.4% by weight. 
35 The average polymer particle size is about 45 nanometer (.045 micrometer). 

Thermogravimetric analysis results show the polymer particles contains about 
70% by weight of fluoroacrylate-rich portion and 30% by weight of 
tetrafluoroethylene-rich portion, based on the fact that 70% by weight of the 
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polymer decomposed In a temperature range of 323 to 460°C, which is a 
typical decomposition temperature of polyfluoroacrylate, and 30% by weight of 
the polymer decomposed in a temperature range of 460 to 710°C, which is a 
typical decomposition temperature range for polytetrafluoroethylene. 
5 Differential Scan Calorimetric analysis of the polymer shows three major 
exotherms at the peaks of 124, 235 and 305°C. 

Example 3 - Tetrafluoroethylene Added After Reaction Starts 

10 In a 2-liter reactor were added 1000 gram of deionized water, 4 gram of 

fluoroacrylate (Zonyl TA-N from duPont), 12 gram of ammonium 
perfluorooctanoate (Fluororad FC-143. 3M). The mixture is a transparent 
microemulsion at 50°C and maintained at a stirring speed of about 1200 rpm. 
The reactor was then vacuumed and purged with tetrafluoroethylene gas three 

15 times to ensure oxygen content in the mixture to be below 30 ppm. Then the 
temperature of the mixture was raised and maintained to be about 85°C. 
Then, 0.2 gram of ammonium persulfate in 40 gram of water was pumped into 
the reactor to start the reaction. Reaction proceeded for about 60 minutes. 
Most fluoroacrylate monomers polymerized and formed ultra small seed 

20 polymer particles. Then tetrafluoroethylene gas was charged to the reactor 

and the pressure inside the reactor was about 1800 kPa. Reaction continued 
to proceed with tetrafluoroethylene participating in the polymerization, and 
there is a constant supply of tetrafluoroethylene gas to the reactor to maintain 
the pressure at about 1800 kPa. Reaction time for tetrafluoroethylene is about 

25 45 minutes and the reaction was stopped. 

The colloid mixture produced from the above reaction is a translucent, 
semi-clear dispersion. The solid polymer content Is about 10% by weight. The 
average polymer particle size is about 76 nanometer (.076 micrometer). The 
polymer particles have a core/shell structure, in which the core is 

30 polyfluoroacrylate and the shell is polytetrafluoroethylene. Thermogravi metric 
analysis results show the polymer particles contains about 2% by weight of 
fluoroacrylate-rich portion and 98% by weight of tetrafluoroethylene-rich 
portion, based on the fact that 2% by weight of the polymer decomposes in a 
temperature range of 300 to 460°C, which is a typical decomposition 

35 temperature of polyfluoroacrylate; and 98% by weight of the polymer 
decomposes in a temperature range of 460 to 760°C, which is a typical 
decomposition temperature range for polytetrafluoroethylene. Differential 
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Scan Calorimetric analysis of the polymer shows a major exotherm at the peak 
of 333°C. 

Example 4 - Coated Substrates 

5 

The colloidal dispersion produced from Example 1 and Example 2 was 
used to coat expanded microporous FIFE membranes obtained from W. L. 
Gore & Associates. The PTFE membrane has a general porosity of about 0.2 
micrometer. The dispersions were applied to the membranes by spraying on 

10 one side of the membranes. The membranes were completely wetted by the 
dispersions. Excess fluid on the surface of the membranes was removed by 
dripping. The coated membranes were then placed in an oven at 200°C for 3 
minutes to remove water and surfactant. 

The membranes coated with dispersions from Example 1 and Example 2 

15 all have oil rating of 8 and remain similar air permeability to uncoated 

membranes, as were tested by Gurley. The coated or uncoated substrates all 
have Gurley numbers between 10 and 15 seconds. 



O 
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I CLAIM: 

1 . Process for preparing an aqueous dispersion of polymer particles which 
5 comprises: 

a) forming a microemulsion of at least one liquid, free radical 

polymerizable monomer and at least one surfactant in water at a 
temperature between 0 and 150°C, by mixing monomer and 
surfactant in water; 

10 b) mixing at least one different gaseous free radical polymerizable 

monomer into the microemulsion; 
c) initiating polymerization of the microemulsion by adding a free- 
radical initiator either before or after step b). 

2. Process of Claim 1 wherein: 

15 (a) the liquid, free-radical polymerizable monomer is selected from the 

class consisting of acrylates, methacrylates, styrene, acrylonitriles, 
vinyl monomers, allyl monomers and alkenes; and 
(b) the gaseous, free-radical polymerizable monomer is a haloginated 
olefin. 

20 3. Process of Claim 2 wherein: 

(a) the liquid monomer is fluorinated; and 

(b) the gaseous monomer is selected from the class consisting of 
tetrafluoroethylene, vinyl fluoride, vinylidene fluoride, 
trifluoroethylene, hexafluoropropylene, perfluoroalkyl vinyl ether, 

25 perfluoroalkyl ethylene, chlorotrifluoroethylene, vinyl chloride, and 

vinylidene chloride. 

4. The process of Claim 1 wherein the liquid monomer is a fluoroacrylate or 
methacrylate and the gaseous monomer is tetrafluoroethylene or a 
tetrafluoroethylene hexafluoropropylene mixture.. 
30 5. Process for preparing an aqueous dispersion of polymer particles which 
comprises: 

a) combining in a pressure reaction vessel at least one liquid 
ethylenic ally un saturated polymerizable monomer with a su rfact ant 
In water, at a temperature and a ratio of monomer to surfactant 

35 sufficient to spontaneously form a microemulsion, 

b) charging at least one different gaseous fluorinated organic 
ethylenically unsaturated monomer to the reactor, 
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c) initiating reaction of monomers by addition of a free-radical initiator 

to the reactor either after or before step b). 
Process for preparing an aqueous dispersion of polymer particles which 
comprises: 

(a) combining in a pressure reaction vessel at least one liquid 
ethylenically unsaturated polymerizable monomer with a surfactant 
in water, at a temperature and a ratio of monomer to surfactant 
sufficient to spontaneously form a microemulsion; 

(b) charging at least one different gaseous fluorinafed organic 
ethylenically unsaturated monomer to the reactor, and 

(c) initiating reaction of monomers by addition of a free-radical initiator 
to the reactor. 

Process for prearing an aqueous dispersion of polymer particles which 
comprises: 

(a) combining in a pressure reaction vessel at least one liquid 
ethylenically unsaturated polymerizable monomer with a surfactant 
in water, at a temperature and a ratio of monomer to surfactant 
sufficient to spontaneously form a microemulsion; 

(b) initiating reaction of monomers by addition of a free-radical initiator 
to the reactor, and 

(c) charging at least one different gaseous fluorinated organic 
ethylenically unsaturated monomer to the reactor while 
polymerization in step (b) is being carried out 

Process of Claim 5, 6 or 7 wherein the liquid organic ethylenically 
unsaturated polymerizable monomer is selected from the class 
consisting of acryiates, methacrylates, styrene, acrylonitriles, vinyl 
monomers, and alkenes. 

Process of Claim 8 wherein the liquid monomer is additionally 
fluorinated; and the gaseous monomer is selected from the class 
consisting of tetrafluoroethylene, vinyl fluoride, vlnylidene fluoride, 
trifluoroethylene, hexafluoropropylene, perfluoroalkyl vinyl ether, 
perfiuoroalkyl ethylene, chlorotrifluoroethylene, vinyl chloride, and 
vinylidene chloride. 

Process of Claim 9 wherein the liquid monomer is a fluorinated acrylate 
or methacrylate and the gaseous monomer is tetrafluoroethylene or a 
tetrafluoroethylene/hexafluoropropylene mixture. 
An aqueous dispersion prepared by the process of Claim 5, 6 or 7. 
An aqueous dispersion prepared by the process of Claim 8. 



WO 95/34583 



PCT/US94/10075 



-13- 

13. An aqueous dispersion prepared by the process of Claim 9. 

14. An aqueous dispersion prepared by the process of Claim 10. 

15. A random copolymer of recurring units derived from a fluorinated 
acrylate or methacrylate, and tetrafluoroethylene or a mixture of 

5 tetrafluoroethylene and hexafluoropropylene; and the average particle 

size of the copolymer particle is between 1 and 100 nanometers. 

16. A shell/core copolymer in which the particles of the copolymer have 
recurring units derived from a fluorinated acrylate or methacrylate in the 
core, and recurring units of tetrafluoroethylene or a mixture of 

10 tetrafluoroethylene and hexafluoropropylene in the shell; and the 

average particle size is between 1 and 100 nanometers. 



INTERNATIONAL SEARCH REPORT 


Ink ionai Application No 

PCT/US 94/10075 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C08F2/16 C08F2/22 C08F291/00 C08F291/04 C08F2/32 
C08F214/18 C08F220/22 


According to fatemational Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by clajsili cation symbols) 

IPC 6 C08F 


Documentation searched other than minimum documentation to the extent that such documrntx are inc 


hided in the fidds searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US.A.3 424 706 (D.R.SMITH; H.PETERSON) 28 


11-13 




January 1969 






see claims 






see examples 2,4 




A 


US,A,3 607 878 (OULLINS ET AL) 21 


i 1-7,11 




September 1971 


j 




see claims 






see example 7 


.1 
4 

t | 




see column 1, line 40 - column 2, line 64 


A 


US,A f 3 407 247 (H.F.REINHARDT) 22 October 


1 1-16 




1969 


i 




see claims 






see examples 






-/" 





Further documents are listed in the continuation of box C 



0 



Patent family members are listed in annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

*L* document which may throw doubts on priority claim(s} or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other f"** n f 

"P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y * document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu* 
merits, such combination being obvious to a person stalled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

23 February 1995 


Date of mailing of the international search report 

~ a Q3. 95 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patcnuaan 2 
NL • 2280 HY Rijswijk 
Td. (* 31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Per s son, E 



i PCT/UA/21Q (« 



1 ttmx) (July If 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Ink. umtl Application No 

PCT/US 94/10075 



CO 



t) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, whore appropnaia, of Ihe relevant 



Relevant to claim No. 



EP.A.O 194 534 (DAIKIN INDUSTRIES LTD) 17 
September 1986 
see claims 

see examples ref.ex.1-2 

EP.A.O 518 073 (ASUIMONT S.P.A.) 16 
December 1992 
see claims 
see examples 



1-16 



1-16 



Pcw» FCiytSA/310 (OMUcuUOA ofMCMtf sMtt) (J*iy 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



tact* ional Application No 

PCT/US 94/10075 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 

date 


US-A-3424706 


28-01-69 


BE-A- 


701022 


08-01-68 






DE-A- 


1745479 


02-09-71 






FR-A- 


1530824 


on— i n— £o 
OU ill Do 






GB-A- 


1117019 








NL-A- 


6708837 


09-01-68 


US-A-3607878 


11-05-71 


BE-A- 


682710 


01-12-66 






DE-A.B.C 


1645356 


23-07-70 






FR-A- 


1550055 


20-12-68 






GB-A- 


1107165 








NL-A- 


6608444 


19-12-66 



US-A-3407247 


22-10-68 


NONE 






EP-A-0 194534 


17-09-86 


JP-B- 


1020269 


14-04-89 






JP-C- 


1537109 


21-12-89 






JP-A- 


61201078 


05-09-86 






DE-A- 


3688405 


17-06-93 






0E-T- 


3688405 


11-11-93 






US-A- 


4670328 


02-06-87 


EP-A-0518073 


16-12-92 


JP-A- 


6122729 


06-05-94 






US-A- 


5264509 


23-11-93 



Fm FCT/UA/21 0 (ptuni frmly umx) (July 1 992) 



